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HATIONAL ADVISCRY COMMITTEE FOR AEROKAUTICS

ADVANCE RESTRICTED REPCRT

AN INVESTIGATION OF AIRCRATT HEATERS
II .. PROPERTIES OF GASES
By Myron Tribus and L. M. K. Boelter
A 1list of properties of the following pure gases and
air which are pertinent to airplane heat transfer caloula-
tions has been comniled from the literature for the temper-
ature range encountered in airplane operatioms
Alr
Hydrogen
Nitrogen
Oxygen
Carbon dioxide
Carbon monoxide

The properties of exhaust gases of various compositions are
not available to the authors, tut it ls suggested that the
properties of alr be utilized for exhaust gas calculations
until more exact data are malde avallable,

The reader must be cautioned that when utilizing gen-
eralized heat trongfer equations or tieir granhical coun-—
terpart, the physicel properties which were employed by the
experimenter must be substituted iInto the generaliszed ex-
preesions in order that the proper magritude of the unit
conductance wlll result,

SYMBQLS

C, unit heat copaclty at constant pressure, Btu/1d °F
C, unit heat copnolty at constant volume, Btu/lb °F

£ ratio of X = 3600 g ¢, ft/hr sec
O¢ bk




€ eravitational force per unit mass, ———>abe
Cred)
£t
X  thermal conductivity, ——Btl
- =(3)
£t

T  temperature (abs.), %R

B absolute viscosity, 1b sec/ft2

k0 (3600 &)
Pr Prandtl modulus, = -
€ ratio, k
Kk 0 (3600 &

The data presented herein represent 4$he work of meny
experimenters.

The values for specific heats were taken directly
from Heck (reference 1) and converted to the englneering
stem of units, The original work of Eack extends from
;{00 to U94p0 F and is probavly the best obtalnable, It
is based upcn spectroscoplc measurements,

Villiams (reference 2) has shown that, if Sutherland's
equations (reference 3) for the viscosity of a gns holds,
a plot of T3/Z/u ogainst T should give a streight line.
Yhen such plots were constructed, it was found that all the
gases except aydroger ylelded 57r7ight liaes, Xor hydrogen
it was found that the ratie 7</3/u  was constant within
the accuracy g the experimental results, Using the equa-
tion M= 0 T</3 for hydrogen, ard

Tf/ ‘: for the other grses, exccllent agreement wos
2

nbtainsd between the calculated vrlues cnd the measured
values of the viecosity, In the conse of cerbon dioxide
and oxygen, the devintlons from exporinmental wvalues were
nearly all less than 1 percent,

=0 4
M 17

In contrast with the drtn for unit heat capeceity and



viscoslty, there is a paucity of accurate data on thermal
conductivities of gases. Laby and Helson (reference Y)
found among 19 observers an average deviation of 7 percent
in-the values reported for- the therrial conductivity of air
et 320 ¥, The data for other gases are less plentiful,
Only three measurements of the thermal conductivity of
carbon monoxlde were found, all near 320 ¥,

In modern englneering practice, however, 1t is often
desired to know thermal conductivites at temperatures other
than 32° ¥, Rather than make an outright ses, the follow-
ing theoretical relationghip was ubtilized (reference 5);

k=(3600ge) °v=fl-"€v

From the measured values of k, U, and (,, values
of f were calculated ani plotted acainst temperature., If
a definite variation in f as a function of T could be
found, such a varlation was used as a basls for predicting
k at temperatures at which it has not been measured, using
the meagured valuss of UK and O, Such a method 1s sub-
Ject to many errors, obviously, but it was the best that
could be devised, The results are unsatisfactory, dut until
& better scheme ls deviged or more date are presented, they
will heve to serve as the baesis for high temperature cal-
culations, The tabulated values of thermal conductivities
are based on the derlived equations,

The probable errors are based on the average deviation
of experimental results from the "best curve." In such a
cage ag k for (O, Judgment based on three measured
values at 32° ¥ can hardly be considered more than a guess
whon applied to values at 1000° ¥,

These properties are all independent of pressure in the
range twe atmospheres down to 5 millimeters of mercury,
Shown below are the temporature renges for which experimental
data were available, and the temperatures for which certain
properties were axtrepolated &s discussed above,

Grateful acknowledgment 18 due Messrs. E. B. ¥Welnberg
and H, ¥, Brockschmldt for their help in preparing the report,.

University of California,
Berkeley, Callf,



Alr
Heat capecity (Cy)
Viacosity
Thermal eonductivity

Hydrogen
Hoat capacity (Oy)
Viscosity
Thermal conductivity

Hltrogen

Heat ccpacity (Oy)
Viscosity

Thermal conductivity

Oxyegon

Hoat crpacity (Cy)
Viecosity

Thermel conductivity

Caroon dioxlde

Heat capacity (0Oy)*
Yigcoslty

Thermal conductlvity

Cerpon monoxide
Heat capacity (Cy)
Viascosity
Thermal conductivity

Bnngp in uhidh
data are avallable

1 (deg by}

~109 to 15600
~109 to 590

~100 to 4olo
~113 to 1517
~113 to 608

«100 to
=196 to
=103 to

gho
1516
212

-~100 to

59 to
=1C9 to

uglio
1524
a2

49lo
1600
602

«100 to
30 to
~109 to

hgko
530
51

~-100 to
~109 to
32 to

R ERE? &

(Calculatod from 05 and Np values)

590 to

1600

608 to

1600

212 to

1600

to
to

~100
212

-100 to
602 to

530 to
-2CC to
Rl to

1600

32
1600
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TABLE I, AIR
t o, b X 106 x x 102 Pr
(deg ¥) | (Btu/ib °F) | (1b sec/£t2) (Btu/fta b Pf)

~100 0.2393 0.280 1.04 0.743
0 »2398 o343 1.30 o731
100 -2403 «398 1.57 «706
200 2412 19 1.82 690
300 2427 « 498 2.05 .682
400 .24lg <542 2,28 <677
500 «2U76 587 2,50 .672
600 « 2505 «630 2,72 .638
700 <2534 « 663 2,93 . 666
800 « 2566 .699 3.1k .663
500 . 2598 o132 3. 34 « 660
1000 2630 767 355 .653
1100 « 2560 «800 3.76 655
1200 «2690 <832 3.99 652
1300 «2715 . 864 . L.19 <650
1400 <2740 +896 4, ko . 6U8
1500 2766 .928 4,61 . 646
1600 <2789 960 4,84 643




TABLHE II,- EYDROGEN

10

s o, px 106 x X102 Pr
(dee ¥) | (Btu/1b °F) | (11 sec/tt?) \Btu/i‘t hr dog r\
£t

~100 30393 Oell3 7.5 0.870

0 30163 169 9.5 707
100 T 3,432 «292 1.4 o671
200 3a1l9 215 13.1 654
300 30359 235 147 «6%0
400 3,166 «254 15.9 <640
500 3. 472 275 16.9 « 654
600 3. 1476 o294 17.6 «676
700 34483 »313 18,4 .688
800 3,150 33 19.4 <687
900 34501 o 34T 2045 686
1000 3e51Y 364 21.6 «685
1100 34531 o381 22,8 684
1200 36551 «397 ' 23.9 <683
1300 3.572 o113 25,2 «681
1400 34596 o428 26.1, «679
15c0 3.521 o143 27.4 o677
1600 3,646 58 28.7 | .65




TABLY III.- NITROGEN

" a; p X 106 ] xk x 102 - .| Br
(deg ) | (Btu/1b P [1b seo/st%) <3tu,/ft2 hr E.Ef-.’_'.>
~100 0.2U78 0.2675 1.03 0.TL1
0 <2478 3275 1.32 11
100 »2L8L « 3800 1.54 «T09
200 <2490 4285 1.74 +708
300 «2500 4750 1,94 707
00 «2515 <5160 2,12 «T706
500 «2538 «5560 2,32 8 (o
600 +2564 5950 2,52 701
700 +2592 .6310 2,72 «698
800 »2523 «666 2,91 695 .
900 «2655 « 700 3.10 <690
1000 « 2689 o731 3.30 «688
1100 272 o762 3.50 «687
1200 «2751 «792 3.70 .683
1300 «2780 «820 3.88 <681
1400 «2807 «8U5 4,04 679
1500 +2835 8T 423 o677
1600 «2860 895 L. ko 67U




12

TABLE IV, - OLYGEN

ok o, wx 106 x X 102 Pr
(deg ¥)| (Btu/1d °F)|(1b sec/£t2) (’Btulfta hr E_;f_l..).
-200 0.226
~100 0.2180 « 3051 1.06 0.726
0 «2185 3772 .31 o725
100 «2200 | <10 1.59 oT24
200 «2228 «500 1.79 o720
300 «2266 «55% 2,03 «T15
400 «2305 «607 2,28 «709
500 «2350 . 654 2,54 705
600 +2390 700 2.77 <703
700 .2429 o743 3.01 «698
800 . 2165 735 3.24 o694
900 .2498 <824 3 U7 0592
1000 2528 <861 3.66 »688
1100 «2553 897 3090 -686
1200 2577 «932 4,09 . 684
1300 «2599 «965 4,27 «€82
1400 .2618 1.000 4. L6 «681
1500 #2635 1.C3%0 4,65 «679
1600 «2651 | 1.060 : 4,82 «678




TABLE V.- GARBON DIOXIDE

13

vl g | wx® k x10° |
(aeg ¥) | (Btu/1b °F)| (11 sec/£t2) (Btu/fta hr d:_: o )
~100 0.1885 0. 2120 0a57 0.796
0 «1976 «2721 76 <779
100 « 2075 «3275 1,00 o713
200 [ ,&A75 .3795 1.23 .762
300 2280 1285 1.7 . 75U
%00 «2385 4765 1. 74 o TU6
.2l80 «5200 1499 736
600 #2565 «5625 2,24 JT34
700 2640 6040 2450 «726
800 « 2700 6420 2,72 o723
900 2760 «6790 2496 o721
1000 2815 <7165 3019 <719
1100 » 2861 7520 3.42 oTL7
1200 « 2905 « 7850 3,64 «715
1300 » 2945 +8160 3484 o713
1400 2984 «8U50 " 4,06 o711
1500 «3018 8760 k.25 . 708
1600 « 3050 .91C0 4. 46 708




TABLE YI.- GiRBO: MONOXIDE

i

& ' 0 u X 106 r x 10° Pr
(deg ) ; (Btu/1b °F) | (11 seo/£t%) '/Btu/ by g2 08 TN
| \ e/

-100 0.2430 04267 1.05 0.716
0 .2l4g2 331 1,29 .16
100 .24g6 o382 1.9 716
200 +2u96 ° 431 1.69 o716
300 2512 475 1.89 «T13
400 2532 518 2,08 .709
500 « 2561, «556 2,27 <708
600 «2592 <593 2,46 o TO4
700 «2627 .62l 2,65 700
800 o 2652 .662 2.55 .698
900 «2696 694 3.05 . 694
1000 «2730 «725 3422 »690
1100 «2763 o155 3 . €88
1200 «2793 « 784 3450 <684
1300 2822 811 3478 682
1400 «2850 <834 396 680
1500 <2878 865 L1k .678
1600 «2905 -E9C .30 <676




TABLE TI.- CiRBOS HONOXIDE

i

& ¢ w x 108 ¥ x 102 Pr
(2eg 1) | (Btu/1b °F) | (1b sec/£t") '\:Btu/ by £t2 36 % )
~100 0.2480 04267 1.05 0.716
0 o2U82 331 1,29 o TL6
100 2486 382 149 .6
200 «2496 W31 1.69 «T16
300 2512 475 1.89 L3
400 2532 518 2,08 - 709
500 «2561 »556 2,27 708
600 «2592 593 2,46 « 704
700 2627 624 2.65 « 700
800 « 2662 662 2,55 «698
900 <2696 .694 3405 .694
1000 +2730 +725 3e22 »690
1100 .2763 o755 3a41 688
1200 <2793 o 78k 3060 <684
1300 .2822 811 3.78 682
1400 <2850 «834 i 3496 «680
1500 «2878 «865 Lol .678
1600 «2905 «59C .30 .676
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HEAT CAPACITY OF HYDROGEN

VISCOSITY OF HYDROGEN
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THERMAL GONDUCTIVITY OF HYDROGEN

HEAT CAPACITY OF NITROGEN
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HEAT CAPACITY OF OXYGEN
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VISGOSITY OF NITROGEN & OXYGEN
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THERMAL CONDUCTIVITY OF Oy AND Np
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